A 24GHz active Van Ana planar antenna array proposed for inneasing the vehicle radar echo in a vehicle collision avoidance system is designed and demonstrated. The antenna array contains two parallel linear subarrays. Each sub-array is composed of four receiving microstrip antennas, four transmitting microstrip antennas and four transistor amplliers. At the angles of 4" < 0 < 40", except those very close to the specular direction (0 = 03, the measured backscattering field levels of the fabricated array have variations < 3dB and are at least lOdB higher than those of a metal plate of the same size. Science Council of the Republic of China under grant
Introduction:
The Van Atta retrodirective antenna array [l] possesses the advantage that the reradiated fields from all the transmitting elements of the array have a coherent phase in the arrival direction of an incident wave, thus yieldmg a broad backscattering field pattern. With this advantage, it has been suggested [2] that planar Van Atta arrays be equipped on vehicle bodies to increase the radar echoes in a vehicle collision avoidance system [3, 41. In this Letter, a 24GHz active Van Atta microstrip antenna array is developed and demonstrated. As shown in Fig. 1 , the array contains two parallel linear sub-arrays, with each sub-array formed by four active microstrip antenna pairs. Each antenna pair, e.g. pair 1-1: is composed of a receiving antenna (antenna l), a transmitting antenna (antenna 13, and a transistor amplifier incorporated in the midway of a microstrip line connecting the two antennas. The transmitting antennas have the same polarisation as the receiving antennas. The signal captured by each receiving antenna is enlarged by the amplier and is then retransmitted by the corresponding transmitting antenna.
amplifier microstrip line I -1.
Fig. 1 24 GHr active Van Atfa microstrip ontenna array
Pathces 1 to 8 are receiving antennas and patches 1' to 8' are transmitting antennas Design: To create a coherent phase at the wave arrival direction, the four transmitting antennas in each sub-array should have inter-element distances the same as those of the receiving antennas. Also, the phase delays in all the antenna pairs, from one receiving antenna, through the amplifier, to the corresponding transmitting antenna, should be the same or have differences equal to multiples of 360". Here, the inter-element distances betweea the receiving (transmitting) antennas in each sub-array were chosen as 8.65mm (0.7 ? . ) , which were the same as that between the two suharrays. To reduce the feedback coupling and avoid oscillation, the distance between the nearest-spaced paired antennas (i.e. antennas 4, 4' and antennas 8, 83 was selected as 14.83mm (1.21). The size of the whole array was measured to he 85 x 67.5mm2. The microstrip antennas were fabricated on a substrate of E, = 2.2 (dielectric constant) and f = 20mil (thickness) and had a geometry as shown in the inset of Fig. 20 . A narrow microstrip line (0.5mm wide) with impedance Z, = 9252 was inserted into a square patch of size 3.96 x 3.96mm2 at a position with input impedance equal to 92Q. A quarter-wave microstrip line with impedance Z, = 68Q was then used to transform the impedance to Z, = 5052. This design may reduce the step discontinuity radiation and the interaction between the patch and the wide 50 52 input line (1.54mm widej. The measured return loss and H-plane radiation pattern of the fabricated microstrip antenna are shown in Fig. 2a and b, respectively. The return loss was < -20dB at the centre f r e quency of 24.3GHz, with a lOdB bandwidth of 2.7%. The 3dB radiation beamwidth at 24.3GHz was 4 5 " . The amplifier was designed using the packaged NF.42484C high electron mobility transistor (HEMT). Since no design data was available above ISGHz, the through-reflect-line W L ) de-embedding method was fnst used to measure the scattering parameters of the HEMT from 18 to 30GHz. Discontinuity effects between the transistor terminals and microstrip lines were incorporated in the measurement so that the measured parameters could be directly used in the subsequent circuit design. The amplifier was designed using the commercial tool HP Series IV. Fig. 3 illustrates the measured results of the fabricated amplifier. The transistor was biased at Vcs = 4 . 2 V and V,, = 2V (Io = 10mA). At a frequency of 24.3GHz, the amplifier gain was -10dB and the return loss was -23dB.
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24 25 26 frequency, GHx -30 1 m Fig. 3 Measured gain (&I) and return loss ( S J J ) qfHEMT amplifier Measurement results: The backscattering field pattern of the fahricated active retrodirective array was measured at a distance of 23Om using two closely spaced horn antennas. (The distance was larger than the far field distances for the antema array and the measuring horn antennas.) Fig. 4 shows the results at 24.3GHz. As a comparison, the measured backscattering pattern of a metal plate of the same size as the array is also shown. The results were normalised to the backscattering field level of the metal plate at 0". The array scattering pattern showed a narrow peak at 0°, which was due to the strong specular reflection of the array substrate ground. With the exception of this peak, the backscattering pattern of the array in the range 4 O -40" had variation < 3dB
and was at least lOdB higher than that of the metal plate. With the exception of a high peak in the specular direction, the backscattering field pattern of the array possessed a 3dB beamwidth of 80". Within this beamwidth, the scattering field was at least lOdB higher than that of a metal plate of the same size.
Introduction: Certain problems, notably those involving coupling of a mobile telephone to human tissue, require use of the fnitedifference time-domain (FDTD) method for one part of the prohlem and the method of moments (MOM) for another. If conduction current is required to cross the boundary between the two methods, a special treatment is required to ensure current continuity across the surface. Earlier work [I ~ 31 is extended for the case where the source region is subdivided, one part replaced by equivalent surface currents usmg the equivalence principle (computed by MOM) and the other part handled with the use of direct impressed currents (suitable to couple with FDTD). An industrystandard frequencydomain MOM programme [4] was used, to aid acceptance in practical applications. Coupling between the scatterer and source regions is calculated using the reaction theorem, with appropriate modifications to the MOM program to take account of the fact that the hasis and weighting functions are not the same. The source region was modelled using MOM whereas the scatterer was modelled using FDTD. In Fig. 16, the where Ja, JB. MA and MB are the electric and magnetic currents of source regions A and B and li is the unit vector normal to the surface SGt. Now let the part of the surface S, adjacent to suhregion A be coincident with the surface of the conducting source structure within A. The currents on Sc then become the surface currents on the conductor, which can be transferred to an FDTD model by treating them as impressed currents. The whole source region is then modelled using the FDTD method with impressed currents replacing sub-region A and a surface of equivalent currents replacing sub-region B (see Fig. IC ). The hard (impressed) sources for a perfectly conducting surface (MA = 0) considered in region A can be given in FDTD as follows:
